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Properties of the elongation factor Tu from Lactobacillus brevis which is naturally insensitive to kir- 
romycin are described. The protein is characterized by an unusual nucleotide-binding site with increased 
affinity for GTP and extreme heat stability. EF-Tu is sensitive to pulvomycin in the assay of poly- 
phenylalanine synthesis. However, the failure of the protein to display pulvomycin-dependent GDP-bind- 
ing and GTPase activity indicates that pulvomycin action in L. brevis differs from that in E. coli. 
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1. INTRODUCTION 
The antibiotics, kirromycin and pulvomycin, in- 
hibit ptokaryotic protein synthesis by interaction 
with the elongation factor Tu [1,2]. Mutants of Es- 
cherichia coli and Bacillus subtilis selected for re- 
sistance to kirromycin have been shown to possess 
an altered form of EF-Tu [3-5]. Acquisition of kir- 
romycin resistance introduces functionally related 
modifications of the EF-Tu nucleotide-binding site 
[3,4]. Here, we describe ISroperties of EF-Tu from 
Lactobacillus brevis which is naturally insensitive 
to kirromycin. This protein is characterized by an 
unusual nucleotide-binding site with increased af- 
finity for GTP and extreme heat stability. 
2. MATERIALS AND METHODS 
Elongation factors and ribosomes of E. coli 
MRE 600 were prepared as in [6,7]. EF-Tu of L. 
brevis DSM 20,054 was isolated from cell extracts 
by chromatography on DEAE-Sepharose, phe- 
Abbreviations: EF, elongation factor; EF-Tuf, nucleo- 
tide-free longation factor Tu; affices refer to the source 
of the protein, Ec, Escherichia coli; Lb, Lactobacillus 
brevis 
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nyl-Sepharose, and Sephadex G-100. Wet cells 
(100 g) yielded 70 mg homogeneous EF-Tu. The 
Mr of EF-Tu (Lb) was determined by SDS-poly- 
acrylamide gel electrophoresis to be 51 000. Nu- 
cleotide-free EF-Tu was prepared according to [8]. 
Kirromycin and pulvomycin were prepared as in 
[9,10]. Interaction of EF-Tu with nucleotides, Phe- 
tRNA and EF-Ts was measured as in [8]. Poly- 
phenylalanine synthesis was performed in the E. 
coli system [2] replacing, where indicated, EF-Tu 
(Ec) by the corresponding protein of L. brevis. 
3. RESULTS AND DISCUSSION 
3.1. Interaction of EF-Tu with kirromycin and pul- 
vomycin 
Fig.1 shows that both antibiotics inhibited poly- 
phenylalanine synthesis in a cell-free system of E. 
coli. When in this system EF-Tu (Ec) was replaced 
by the corresponding protein of L. brevis, the con- 
centration, eeded for 50% inhibition, was 500-fold 
higher. As for pulvomycin, differences in the sen- 
sitivity are less pronounced; polyphenylalanine 
synthesis catalyzed by EF-Tu (Lb) was 3-5-times 
less susceptible to inhibition by this drug than the 
same reaction catalyzed by EF-Tu (Ec). 
The ability of either antibiotic to stimulate the 
exchange of EF-Tu-bound GDP with unbound 
GDP at 0°C [1,2] was used as another test for the 
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Fig.I. Inhibition of polyphenylalanine synthesis cata- 
lyzed by (e) EF-Tu (Lb) or (o) EF-Tu (Ec) as a function 
of antibiotic concentration. Reaction mixtures con- 
tained, in 100/xl standard buffer (60 mM Tris • HCI 
(pH 7.6), 30 mM KCI, 30 mM NH4CI, 10.5 mM MgC12, 
0.5 mM EDTA, 5 mM mercaptoethanol), 100 nmol 
GTP, 100nmol phosphoenolpyruvate, 2/~g pyruvate 
kinase, 2.5 pmol ribosomes (Ec), 1 #g poly (U), 24 pmol 
EF-G(Ec), 35pmol []4C]Phe-tRNA, 30pmol EF-Tu 
(Lb) or (Ec), and 1 #1 methanol solution of antibiotic as 
indicated. Samples were incubated for 10 min at 30°C 
and then the radioactivity incorporated into hot 
trichloroacetic acid-insoluble protein was measured. 
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Fig.2. Binding of GDP by (.) EF-Tu (Lb) or (o) EF-Tu 
(Ec) as a function of antibiotic oncentration. Reaction 
mixtures contained, in 150/~1 standard buffer, 50 pmol 
EF-Tu ° GDP, 150 pmol [3H]GDP and 1/~1 methanol so- 
lution of antibiotic as indicated. Following a 5 min in- 
cubation at 4"C, samples were analyzed for [3H]GDP 
reatined on cellulose nitrate filters. Data are presented 
as percentage of GDP exchange after incubation for 
10 min at 30°C in the absence of antibiotics. 
interaction of the drugs with EF-Tu (Lb). Kir- 
romycin and pulvomycin were found to stimulate 
strongly the nucleotide-binding activity of EF-Tu 
(Ec) (fig.2). When EF-Tu (Lb) was used in this as- 
say, the 2 antibiotics virtually do not affect the ex- 
change reaction. These results indicate that EF-Tu 
(Lb) is insensitive to both antibiotics. 
Similar results were obtained by measuring the 
EF-Tu GTPase activity. The hydrolysis of GTP in- 
volved in the binding of AA-tRNA to ribosomes 
requires EF-Tu, AA-tRNA, ribosomes and mRNA 
[8]. In the presence of both pulvomycin or kir 
romycin, EF-Tu can catalyze the reaction in the 
absence of the other components [1,2]. When EF- 
Tu of L. brevis was used in the antibiotic-depen- 
dent hydrolysis of GTP, the two drugs failed to in- 
duce GTPase activity even at 100/~M (not shown). 
Binding of the antibiotics to EF-Tu (Lb) was 
studied by equilibrium gel permeation [11]. Elution 
profiles of the 313-nm absorbance during the pas- 
sage of the protein through a Sephadex G-25 col- 
umn, equilibrated with kirromycin (am 28 000) or 
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Fig.3. Binding of (A) kirromycin and (B) pulvomycin to 
EF-Tu. Elution profile of the 313-nm absorbance during 
the passage of ( - - )  7.2 nmol of EF-Tu (Lb) or (- - -) 
2.4 nmol of EF-Tu (Ec) through acolumn (39 x 0.6 cm) 
of Sephadex G-25 fine, equilibrated with 8.2 btM kir- 
romycin or 5.4 paM pulvomycin i  standard buffer. Flow 
rate 6 ml/h; temp. 20°C. 
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Fig.4. Scatchard. plots for nucleotide binding to EF-Tu: 
(A) binding of GDP to EF-Tu (Lb); (B) binding of GTP 
to EF-Tu (Lb); (C) binding of GDP to EF-Tu (Ec); (D) 
binding of GTP to Ef-Tu (Ec). Reaction mixtures con- 
tained, in 150/~1 standard buffer, 5 nM EF-Tuf and 2.6- 
65 nM [3H]GDP, or 30 nM EF-Tu (Lb)f and 12-300 nM 
[3H]GTP, or 300 nM EF-Tu (Ec)f and 120-3000 nM 
[3H]GTP. Following a 10 min incubation at 30°C, sam- 
ples were analyzed for [3H]nucleotide r tained on cel- 
lulose nitrate filters, r is the concentration of bound 
nucleotide divided by the total concentration 
of EF-Tuf. 
pulvomycin (a m 38 000), are shown in fig.3. Both 
the void volume peak and the trough observed on 
the absorbance baseline provide a measure of the 
drug bound to the protein. When EF-Tu (Lb) was 
applied to the column, low affinity interaction was 
demonstrated by the presence of a small peak and 
a small trough. Virtually no interaction was de- 
tected between kirromycin and EF-Tu (Lb). The 
minor peak (fig.3A) was caused by free protein. 
Thus, the difference in responsiveness of EF-Tu 
(Lb) to both antibiotics observed in the polyphe- 
nylalanine synthesis is due to a difference in af- 
finity. In contrast, EF-Tu (Ec) bound both kirro- 
mycin and pulvomycin with high affinity. 
3.2. Dissociation constants of EF-Tu ° GDP and 
EF-Tu.  GTP 
Dissociation constants of EF-Tu • GDP and EF- 
Tu • GTP from L. brevis were calculated from 
Scatchard plots (fig.4A,B) to be 3 nM and 20 nM, 
respectively. For comparison, dissociation con- 
stants of EF-Tu • GDP and EF-Tu • GTP from E. 
coli were determined to be 2 nM and 300 nM, re- 
spectively (fig.4C,D). The latter data are similar to 
those in [12]. While the affinity for GDP is nearly 
the same for EF-Tu from both organisms, EF-Tu 
(Lb) has a considerably higher affinity for GTP 
compared to EF-Tu (Ec). 
3.3. Heat stability 
EF-Tu of E. coli is known to be highly sensitive 
to thermal inactivation [13]. This protein heated at 
60°C for 5 min lost its ability to bind GDP 
(fig.5A). By contrast, EF-Tu of L. brevis withstands 
heating even at just below 100°C. EF-Tu (Lb) 
heated at 90°C for the same time retained 90% of 
its nucleotide-binding capacity (fig.5). GDP is not 
needed for protection as the same results were ob- 
tained with EF-Tu (Lb)f in the absence of GDP in 
the incubation mixture. However, heat stability of 
EF-Tu (Lb) is severely restricted to nucleotide- 
binding. Concerning other functional parameters 
(catalyzing polyphenylalanine synthesis, binding 
of AA-tRNA, interaction with EF-Ts), the protein 
of L. brevis and E. coli were inactivated at equal 
temperatures (fig.5B,D). 
These results show that EF-Tu (Lb) is resistant 
to kirromycin by virtue of its inability to bind this 
antibiotic. On the other hand, EF-Tu (Lb) is sensi- 
tive to pulvomycin in the assay of polyphenylala- 
nine synthesis. However, the failure of this protein 
to display pulvomycin-dependent GDP-binding 
and GTPase activity indicates that pulvomycin ac- 
tion in L. brevis differs from that in E. coli. Re- 
cently, EF-Tu factors of Halobacterium cutirubrum 
[14] and Streptoverticillium obaraense [15] have 
been found to be also naturally resistant to kirro- 
mycin. 
In addition to kirromycin resistance, the protein 
of L. brevis is characterized by an unusual nu- 
cleotide-binding site. EF-Tu (Lb) has a consider- 
ably higher affinity than EF-Tu (Ec) for GTP. In 
this respect, the protein is similar to that of kirro- 
mycin-resistant mutants of E. coli [16]. Further 
more, EF-Tu(Lb) is extremely thermostable; 
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Fig.5. Heat stability of EF-Tu. 30 pmol EF-Tu • GDP and 50 pmol GDP (or 30 pmol EF-Tuf in the absence of GDP) in 
50 txl standard buffer were incubated for 5 min at the indicated temperatures and then assayed for remaining activities: 
(A) GDP binding activity of (e) EF-Tu (Lb) • GDP, (o) EF-Tu (Lb)f and (,),.EF-Tu (Ec) • GDP (B) polyphenylalanine 
synthesis catalyzed by EF-Tu (Lb) • GDP (C) ternary complex formation. After conversion of EF-Tu (Lb) • GDP to EF- 
Tu (Lb) • GTP, interaction with 50 pmol Phe-tRNA was assayed by the filtration method. The release of bound EF-Tu • 
GTP from cellulose nitrate filters upon addition of AA-tRNA provides a measure of complex formation. (o) With Phe- 
tRNA, (.) without Phe-tRNA. (D) Interaction of EF-Tu (Lb) • GDP with EF-Ts. GDP binding of the protein at 4°C 
was determined in the (o) presence and (o) absence of EF-Ts. EF-Ts is known to catalyze the EF-Tu ° GDP/GDP 
exchange. 
however, the heat stability is restricted to the nu- 
cleotide-binding site suggesting a rigid structure of  
this part of  the EF-Tu molecule. 
ACKNOWLEDGEMENT 
This work was supported by SFB 76 of  the 
Deutsche Forschungsgemeinschaft. 
REFERENCES 
[1] Wolf, H., Chinali, G. and Parmeggiani, A. (1974) 
Proc. Natl. Acad. Sci. USA 71, 4910-4914. 
[2] Wolf, H., Assmann, D. and Fischer, E. (1978) Proc. 
Natl. Acad. Sci. USA 75, 5324--5328. 
[3] Fischer, E., Wolf, H., Hantke, K. and Parmeggiani, 
A. (1977) Proc. Natl. Acad. Sci. USA 74, 4341- 
4345. 
[4] Van de Klundert, J.A.M., Van der Meide, P.H., 
Van de Putte, P. and Bosch, L. (1978) Proc. Natl. 
Acad. Sci. USA 75, 4470-4473. 
[5] Smith, I. and Paress, P. (1978) J. Bacteriol. 135, 
1107-1117. 
[6] Leberman, R., Antonsson, B., Givanelli, R., 
Guariguata, R., Schumann, R. and Wittinghofer, A. 
(1980) Anal. Biochem. 104, 29-36. 
[7] Staehelin, T. and Maglott, D.R. (1971) Methods 
Enzymol. 20, 449-456. 
[8] Miller, D.L. and Weissbach, H. (1974) Methods En- 
zymol. 30, 219-232. 
325 
Volume 146, number 2 FEBS LETTERS September 1982 
[9] Wolf, H. and Zahner, H. (1972) Arch. Microbiol. 
83, 147-154. 
[101 Assmann, D. and Wolf, H. (1979) Arch. Microbiol. 
120, 297-299. 
[111 Hummel, J.P. and Dreyer, W.J. (1962) Biochim. 
Biophys. Acta 63, 530-532. 
[12] Miller, D.L. and Weissbach, H. (1970) Arch. Bio- 
chem. Biophys. 141, 26-37. 
[13] Lucas-Lenard, J. and Lipmann, F. (1966) Proc. 
Natl. Acad. Sci. USA 55, 1562-1566. 
[14] I~essel, M. and Klink, F. (1981) Eur. J. Biochem. 
114, 481-486. 
[15] GlOckner, C., WOrner, W. and Wolf, H. (1982) Bio- 
chem. Biophys. Res. Commun. in press. 
[16] Swart, G.W.M., Kraal, B., Bosch, L. and Parmeg- 
giani, A. (1982) FEBS Lett. 142, 101-106. 
326 
